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Objective To establish the non-inferior efficacy of vonoprazan versus lansoprazole in the treatment of asian patients with erosive oesophagitis (eO). Design in this phase iii, double-blind, multicentre study, patients with endoscopically confirmed eO were randomised 1:1 to receive vonoprazan 20 mg or lansoprazole 30 mg, once daily for up to 8 weeks. The primary endpoint was eO healing rate at 8 weeks. The secondary endpoints were eO healing rates at 2 and 4 weeks. safety endpoints included treatment-emergent adverse events (Teaes). results in the vonoprazan (n=238) and lansoprazole (n=230) arms, 8-week eO healing rates were 92.4% and 91.3%, respectively (difference 1.1% (95% ci -3.822% to 6.087%)). The respective 2-week eO healing rates were 75.0% and 67.8% (difference 7.2% (95% ci -1.054% to 15.371%)), and the respective 4-week eO healing rates were 85.3% and 83.5% (difference 1.8% (95% ci -4.763% to 8.395%)). in patients with baseline los angeles classification grade c/D, 2-week, 4-week and 8-week eO healing rates were higher with vonoprazan versus lansoprazole (2 weeks: 62.2% vs 51.5%, difference 10.6% (95% ci -5.708% to 27.002%); 4 weeks: 73.3% vs 67.2%, difference 6.2% (95% ci -8.884 to 21.223); and 8 weeks: 84.0% vs 80.6%, difference 3.4% (95% ci -9.187% to 15.993%)). Overall, eO healing rates appeared higher with vonoprazan versus lansoprazole. Teae rates were 38.1% and 36.6% in the vonoprazan and lansoprazole group, respectively. Conclusion Our findings demonstrate the non-inferior efficacy of vonoprazan versus lansoprazole in terms of eO healing rate at 8 weeks in this population. safety outcomes were similar in the two treatment arms. Trial registration number ncT02388724.
InTrODuCTIOn
GORD is characterised by symptoms such as heart burn and acid regurgitation resulting from the reflux of gastric contents into the oesophagus. 1 A recent systematic review and meta-analysis of approximately 100 studies examining gastro-oesophageal reflux symptoms reported a pooled prevalence of 13.3% worldwide, 17.1% in Europe, 15 .4% in North America, 10.0% in Asia and 2.5% in China. 2 Patients with GORD are categorised as having non-erosive reflux disease or erosive oesophagitis (EO), which are the two main phenotypes. 3 Using
significance of this study
What is already known on this subject? ► Conventional proton pump inhibitors such as lansoprazole are used as a first-line therapy to treat acid-related diseases worldwide. ► Vonoprazan is currently indicated for the treatment of gastric and duodenal ulcers, reflux oesophagitis, and Helicobacter pylori eradication, and for the prevention of lowdose aspirin-related or non-steroidal antiinflammatory drug-related gastric and duodenal ulcer recurrence in Japan. ► Previous studies have demonstrated the noninferiority of vonoprazan to lansoprazole 30 mg in Japanese patients. ► Although vonoprazan 20 mg is the approved dose in Japan, no study has examined the efficacy and safety of vonoprazan 20 mg versus lansoprazole 30 mg outside of Japan. endoscopic examination, EO is graded by the severity of the mucosal injury, also referred to as mucosal breaks according to the Los Angeles (LA) classification system, which ranges from grade A (mild) to grade D (severe). 4 The main aim of EO treatment is to relieve symptoms, heal and maintain remission of EO, prevent complications, and improve health-related quality of life (HRQoL). 5 Proton pump inhibitors (PPIs) are considered the standard treatment for EO and have an established efficacy and safety profile. 3 6-10 The high potency of PPIs results from their ability to inhibit the gastric enzyme hydrogen potassium adenosine triphosphatase (H + , K + ATPase), which is responsible for gastric acid secretion by the parietal cells in the gastric mucosa. 3 However, many earlygeneration PPIs have a slow, cumulative onset of action whereby several doses may be required to achieve maximum acid suppression and symptom relief. 11 Vonoprazan (TAK-438) belongs to a class of acid-inhibitory agents called potassium-competitive acid blockers, which, unlike PPIs such as lansoprazole, reversibly inhibit H + , K + ATPase independently of acid pH. [12] [13] [14] [15] Of note, vonoprazan is stable in the presence of acid, 16 is water-soluble and does not require a specific pharmacological preparation such as an enteric coating, unlike PPIs, 17 which suggests that vonoprazan may have less variation in time to onset of action than PPIs. Furthermore, in contrast to PPIs that take 3-5 days to produce their maximum acid-inhibitory effects, 18 19 vonoprazan demonstrates maximum acid-inhibitory effects from the first day of administration. 20 Vonoprazan was approved and marketed in Japan in February 2015 for the treatment of acid-related GI disorders, including EO, gastric ulcer, duodenal ulcer, peptic ulcer, reflux oesophagitis and Helicobacter pylori eradication. Recent phase II and III clinical trials in Japan have demonstrated that vonoprazan 20 mg and 40 mg is effective, well-tolerated and non-inferior to lansoprazole 30 mg with respect to EO healing at 8 weeks. 5 21 In a long-term maintenance study over 52 weeks, EO recurred in fewer than 10% of patients treated with once-daily vonoprazan 10 mg or 20 mg dose. 5 Vonoprazan 20 mg is the approved dose in Japan for the treatment of EO. 22 However, the non-inferior efficacy and safety of vonoprazan 20 mg to lansoprazole 30 mg with respect to healing EO has not been demonstrated in Asian patients. This phase III study was conducted to meet the regulatory registration requirements in mainland China, South Korea and Taiwan. The primary objective of the study was to demonstrate the non-inferior efficacy of vonoprazan 20 mg to lansoprazole 30 mg at 8 weeks in Asian patients with EO. The secondary objectives were to demonstrate the non-inferior efficacy of vonoprazan 20 mg to lansoprazole 30 mg at 2 and 4 weeks, and to compare the safety of treatment with vonoprazan versus lansoprazole in this patient population.
MeTHODs study design
This was a randomised, double-blind, double-dummy, parallelgroup, multicentre study conducted in 56 sites across Asia. Patient baseline EO symptoms were recorded during an initial observation phase of 3-7 days. An interactive web response system (IWRS) program was used to manage inventory, assist the site in dispensing the investigational drug to the patients, record accountability, and support the return to sponsor or designee of investigational drugs after study completion. Eligible patients were stratified according to the LA classification grade A/B or C/D and randomised 1:1 via the IWRS to receive oral vonoprazan 20 mg once daily or oral lansoprazole 30 mg once daily for up to 8 weeks. Patients self-administered the study medications each day after breakfast, except on day 1 when they were administered at the study site before the patient's visit was concluded. Patients in the vonoprazan group received a 20 mg active vonoprazan tablet or a placebo capsule for 30 mg lansoprazole, while patients in the lansoprazole group received a 30 mg active lansoprazole capsule or a placebo tablet for 20 mg vonoprazan. Patients with healed EO at either 2, 4 or 8 weeks after the start of the study were considered completed cases and were invited to enrol in the longer term maintenance study (TAK-438_305, NCT02388737), which was ongoing at the time of writing. A total of six visits were scheduled during the study: at the start of the observation phase (visit 1), at the start of the treatment phase after randomisation (visit 2), and then after 2 (visit 3), 4 (visit 4), 6 (visit 5; liver function testing only) and 8 (visit 6) weeks of treatment.
The study was conducted between March 2015 and July 2017 and is registered at ClinicalTrials. gov.
Participants
Eligible patients had endoscopically confirmed EO (LA classification grades A-D) within 14 days of randomisation (treated as outpatients or temporarily admitted) and aged ≥18 years. Key exclusion criteria were prior exposure to vonoprazan or lansoprazole within 84 days of the observation phase, or exposure to vonoprazan at any time in a previous clinical trial or as a therapeutic agent; hypersensitivity or allergy to vonoprazan, its excipients or to PPIs; significant history of central nervous system, cardiovascular, pulmonary, hepatic, renal, metabolic, GI, urological, endocrine or haematological disease; presence of comorbidities or medical or surgical history that could affect the oesophagus; acute upper GI bleeding or gastric or duodenal ulcer within 30 days of the observation phase; history of or treatment for malignancy within 5 years of visit 1; and creatinine >2 mg/dL (>177 μmol/L), or alanine aminotransferase (ALT), aspartate aminotransferase (AST) or total bilirubin greater than the upper limit of normal at the start of the observation phase.
study endpoints and assessments
The primary efficacy endpoint was EO healing rate at 8 weeks. The secondary efficacy endpoints were EO healing rates at 2 and 4 weeks of treatment. Endoscopy was performed at the start of the screening period and at weeks 2, 4 and 8 (or on early termination) under fasted conditions and classified in terms of LA classification grades (A-D or no mucosal breaks (grade O)). EO healing was defined as 'no mucosal breaks'. During the 8-week treatment period, healed EO was confirmed from any endoscopy test performed at visit 3, 4 or 6. During the 2-week treatment period, healed EO was confirmed at visit 3 and during the 4-week treatment period at visit 3 or 4. Additional efficacy endpoints included the subjective symptoms of EO as recorded in patient diaries (eg, heart burn, gastric acid regurgitation), HRQoL over 8 weeks and the percentage of days without rescue medication during treatment. Safety endpoints included adverse events (AEs), laboratory test values, ECG, vital signs, serum gastrin values and pepsinogen I/II values. AEs and treatment-emergent adverse events (TEAEs) were coded using the Medical Dictionary for Regulatory Activities V.18.0.
statistical analyses
Assuming an 8-week healing rate of 94.7% 21 23 in both treatment arms and a 20% dropout rate, it was estimated that 160 patients per group would provide 90% power to establish noninferiority with a -10% margin using a two-sided 95% CI. A sample size of 240 subjects per group was planned to provide more subjects with healed EO for the subsequent maintenance study (TAK-438_305) and to provide adequate subjects to meet the regulatory requirements in each of the countries in which the study was being conducted. The proportion of patients with LA classification grade C/D was planned to be ≥30%.
Primary and secondary efficacy endpoints were analysed using the full analysis set (FAS), defined as randomised patients who received at least one dose of the study drug and had at least one postbaseline endoscopy. Safety was analysed using the safety analysis set (SAS), defined as patients who received at least one dose of the study drug. No statistical tests or inferential statistics were generated for the safety data. For the primary (EO healing rate at 8 weeks) and secondary (EO healing rates at 2 and 4 weeks) efficacy endpoints, two-sided 95% CIs were calculated for the difference between the vonoprazan and lansoprazole treatment arms. Non-inferiority was claimed if the lower bound of the CIs was ≥-10%. If non-inferiority was demonstrated for the primary efficacy endpoint, the secondary efficacy endpoint of EO healing rate at week 2 was tested for superiority between the vonoprazan and lansoprazole treatment arms. The Cochran-Mantel-Haenszel test was used to adjust for covariates in the FAS with baseline LA classification as a stratification factor. The primary and secondary efficacy endpoints were evaluated in a prespecified subgroup analysis in patients with LA classification grade A/B or C/D.
resuLTs
Patients were enrolled from March 2015 to June 2017 across Asia (mainland China, 27 sites; South Korea, 12; Taiwan, 11; Malaysia, 6). A total of 686 patients were screened and 481 patients (70.1%) were randomised. Figure 1 illustrates patient disposition. The proportion of randomised patients completing treatment was similar in both treatment arms (95.1% (232/244) in the vonoprazan group and 94.5% (224/237) in the lansoprazole group). 'Completers' included patients with healed EO at 2, 4 or 8 weeks, or those without healing who completed 8 weeks of treatment. Demographics and baseline characteristics of the randomised patients are described in table 1. The majority of patients were enrolled in mainland China (n=276, 57.4%). Approximately 30% of patients had LA classification grade C/D in each arm.
The FAS comprised 238 patients in the vonoprazan group and 230 patients in the lansoprazole group. A total of 13 patients (6 in the vonoprazan group and 7 in the lansoprazole group) did not have postbaseline endoscopy and were excluded from the FAS. With the exception of two patients in the lansoprazole group who withdrew prior to study drug administration, the remaining 11 patients were included in the SAS. The SAS (n=479) comprised 244 patients in the vonoprazan and 235 patients in the lansoprazole group. The majority of patients in both treatment arms fully complied (≥90%) with the study medication; the mean treatment compliance was 93.30% (SD: 6.315) and similar between treatment arms.
efficacy Non-inferiority (determined based on the lower CI being ≥-10%) of vonoprazan compared with lansoprazole in terms of EO healing rate at 8 weeks was demonstrated and thus the primary efficacy endpoint was met ( figure 2A) . The 8-week healing rate was 92.4% (n=220) with vonoprazan and 91.3% (n=210) with lansoprazole (difference: 1.1% (95% CI -3.822% to 6.087%)). The 2-week healing rate was 75.0% (n=177) in the vonoprazan group and 67.8% (n=154) in the lansoprazole group (difference: 7.2% (95% CI -1.054% to 15.371%)) ( figure 2A ). The healing rate at 4 weeks was 85.3% (n=203) in the vonoprazan group and 83.5% (n=192) in the lansoprazole group (difference: 1.8% (95% CI -4.763% to 8.395%)) ( figure 2A ). Treatment differences with respect to endoscopic healing of EO at 2 and 4 weeks were not statistically significant. The superiority of vonoprazan 20 mg treatment to lansoprazole 30 mg treatment was not demonstrated at 2 weeks. In patients with baseline LA classification grade C/D, 2-week, 4-week and 8-week EO healing rates were numerically higher with vonoprazan versus lansoprazole: 62.2% vs 51.5% (difference: 10.6% (95% CI -5.708% to 27.002%)); 73.3% vs 67.2% (difference: 6.2% (95% CI -8.884% to 21.223%)); and 84.0% vs 80.6% (difference: 3.4% (95% CI -9.187% to 15.993%)), respectively (figure 2B). In patients with baseline LA classification grade A/B, 2-week, 4-week and 8-week EO healing rates with vonoprazan versus lansoprazole were 80.9% vs 74.5% (difference: 6.3% (95% CI -2.724% to 15.384%)); 90.8% vs 90.2% (difference: 0.6% (95% CI -5.755% to 6.982%)); and 96.3% vs 95.7% (difference: 0.6% (95% CI -3.634% to 4.861%)), respectively.
For the additional efficacy endpoints (subjective symptoms, HRQoL and days without rescue medication), there were no statistically significant differences between the treatment arms.
The proportion of patients without heart burn at week 8 was numerically higher in the vonoprazan group at 70.5% compared with 66.0% in the lansoprazole group, and a similar trend was observed for the Chinese subgroup at 77.8% vs 69.2% for vonoprazan versus lansoprazole treatment. safety Approximately 50% of patients received vonoprazan or lansoprazole treatment for up to 2 weeks, and approximately 21% of patients received treatment for longer than 4 weeks. The incidence of TEAEs was similar between the two arms: 38.1% (93/244) in the vonoprazan group and 36.6% (86/235) in the lansoprazole group, of whom 31.1% and 30.2% reported only mild TEAEs, 5.7% and 5.5% reported a TEAE of moderate severity, and 1.2% and 0.9% had severe TEAE, respectively (table 2) . Of these, the majority of patients reported TEAEs that were not related to vonoprazan (61.3%) or lansoprazole (68.6%) treatment. Serious adverse events (SAEs) were experienced by three patients in each group and were not related to the study drugs.
Four drug-related severe TEAEs were reported by one patient in the lansoprazole group, namely increased ALT, increased AST, increased blood alkaline phosphatase and increased gammaglutamyl transferase; another patient in the same group also experienced arrhythmia. There were no drug-related severe TEAEs reported in the vonoprazan group. GI disorders (diarrhoea, abdominal distention and so on) were the most frequently reported system organ class, with a similar incidence in the vonoprazan (18.4%, 45/244) and lansoprazole (19.1%, 45/235) group (table 3) . The most frequently reported TEAE occurred in the investigations system organ class (preferred term, blood gastrin increased), which was reported with a higher incidence *A patient was counted once, even if the patient reported the same event more than once. Adverse events were coded using MedDRA V.18.0. †Increased enzyme levels were associated with 10 events in 9 patients in the vonoprazan treatment group: raised serum pepsinogen 2, increased pepsinogen II (×5), increased pepsinogen I/II (×2) and high pepsinogen II (×2); and 2 events in 2 patients in the lansoprazole treatment group: pepsinogen I/II increase and high pepsinogen.
Oesophagus
MedDRA, Medical Dictionary for Regulatory Activities; TEAE, treatment-emergent adverse events.
in the vonoprazan group (5.3%, 13/244) compared with the lansoprazole group (1.7%, 4/235), all of which, with the exception of one patient in the vonoprazan group, were considered to be drug-related. The increase in blood gastrin level in the vonoprazan group was evident from week 2 but did not increase further over time (to week 8).
A total of nine patients experienced 10 TEAEs that led to study drug discontinuation: five patients (2.0%) in the vonoprazan group reported diarrhoea (drug-related), bile duct stone (SAE), increased ALT and increased AST (drug-related; both experienced by one patient), cerebral infarction (SAE), and headache (drug-related); four patients (1.7%) in the lansoprazole group reported arrhythmia, gastric dilatation (drug-related), gastroenteritis (SAE) and abnormal liver function test (drug-related). In addition to those resulting in discontinuation, additional SAEs included colon adenoma (experienced by one patient in the vonoprazan group), and glaucoma and large intestine polyp (one patient each in the lansoprazole group). Generally, there were no clinically relevant changes in laboratory, ECG and vital signs, and there were no on-study deaths.
DIsCussIOn
This is the first study to demonstrate the non-inferior efficacy and safety of once-daily vonoprazan 20 mg to once-daily lansoprazole 30 mg with respect to healing EO at 8 weeks in Asian patients, predominantly from mainland China, and from Malaysia, South Korea and Taiwan (92.4% vs 91.3%, respectively; difference: 1.1% (95% CI -3.822% to 6.087%)). These findings are consistent with the results reported in a previous phase III study which demonstrated the non-inferiority of vonoprazan 20 mg to lansoprazole 30 mg with respect to healing EO at 8 weeks (99% vs 95.5%; difference: 3.5% (95% CI 0.362% to 6.732%)). 5 Of note, there were differences in the 8-week EO healing rate reported by Ashida et al and the present study, which could be attributed to treatment compliance. 5 Ashida et al 5 reported a 98% treatment compliance rate, whereas in the present study 93% of Asian patients were treatment-compliant, which could have resulted in the lower EO healing rate reported in our findings. Although our findings differ from the aforementioned pivotal study in Japan, the healing rate with lansoprazole reported in this study was similar to those reported in China. 24 There was a rapid response to treatment with both the overall population and those with LA classification grade C/D demonstrating a healing rate of >60% at 2 weeks with vonoprazan treatment. In the overall population, the EO healing rate at 2 weeks was numerically higher with vonoprazan than that observed with lansoprazole (75.0% vs 67.8%), which may be indicative of a more potent and faster clinical effect with vonoprazan than with lansoprazole treatment resulting from the rapid and strong suppression of gastric acid secretion. 25 The results of a previous phase III study conducted in Japan 5 reported higher healing rates with vonoprazan 20 mg and lansoprazole 30 mg treatment (90.7% vs 81.9%; difference: 8.8% (95% CI 2.105% to 15.448%)) at 2 weeks. As previously mentioned, the differences observed could be attributed to the differences in treatment compliance and the overall low EO healing rates in patients treated with PPIs among Asians, excluding Japanese patients. 24 The prevalence of GORD has increased in some Asian countries over the past few decades, 26 27 largely owing to the ageing population and Westernisation. Despite the presence of a wide choice of therapeutic modalities and improvements in the therapeutic management of GORD, there remain several areas of unmet need, including but not limited to the treatment of advanced grades of EO, maintenance treatment of EO and refractory GORD. 28 At present, PPIs are considered the gold standard for the treatment of GORD; however, healing rates in patients with advanced grades of EO have been limited. 29 In the present study, subgroup analysis in patients with baseline LA classification grade C/D showed persistently higher EO healing rates at 2, 4 and 8 weeks with vonoprazan, compared with lansoprazole treatment.
It has been predicted that a 100% healing rate in EO can be achieved after 4 weeks with a pH >4 holding time ratio (HTR) of ≥90%, and after 8 weeks with a pH >4 HTR of ≥75%. 30 Results from a published study have reported that the HTR with vonoprazan 20 mg was more than 83% at gastric pH ≥4 on day 7, 31 suggesting that EO could be successfully treated especially in patients with severe EO (LA classification grades C/D) as it effectively controls both daytime and night-time acid secretion. 32 In another study, EO healing rates in patients with LA classification grade C/D were 96% vs 82.6% at week 2, 100% vs 87% at week 4, and 100% vs 93.5% at week 8 with vonoprazan 20 mg versus lansoprazole 30 mg treatment, respectively. 21 Furthermore, the results of a third study also demonstrated higher EO healing rates with vonoprazan treatment in patients with baseline LA classification grade C/D compared with lansoprazole after 8 weeks (98.7% vs 87.5%, respectively). 33 Patients self-administered study medications, including lansoprazole, each day after breakfast as the prescribing information for lansoprazole in China 34 and Japan 35 did not specify dose timing with respect to mealtimes. Of note, published phase I studies suggested that the gastric inhibitory effect of lansoprazole following 7 days of daily dosing was unaffected by food intake. 36 37 There is lack of evidence to suggest differences in efficacy related to the timing of lansoprazole dosing between Asian and non-Asian patients.
From this study, 312 patients with endoscopically confirmed healed EO at 2, 4 or 8 weeks were enrolled in the randomised, multicentre, 24-week maintenance study (TAK-438_305) designed to evaluate the recurrence of EO after 12 and 24 weeks of treatment with vonoprazan 10 mg and 20 mg compared with lansoprazole 15 mg (NCT02388737; at the time of writing, the study is ongoing).
Vonoprazan and lansoprazole were similarly well tolerated in the populations studied. The incidences of TEAEs were similar between the treatment arms. Drug-related TEAEs occurred slightly more frequently with vonoprazan (36/244, 14 .8%) than with lansoprazole (27/235, 11 .5%) treatment. Of note, there were no new safety signals and no deaths were reported during the study.
The sensitivity of vonoprazan in ethnic variations had been examined by looking at effects on pharmacokinetics linearity, metabolism by hepatic cytochrome (CY)P450 enzymes, therapeutic index and drug accumulation with repetitive dosing. Although vonoprazan exhibits non-linear pharmacokinetic characteristics, the dose-normalised exposure (maximum concentration and area under the concentration-time curve) for Chinese and Japanese subjects is similar, indicating that the non-linearity does not contribute to potential differences in exposure. CYP2C19 phenotypes do not affect vonoprazan pharmacokinetic parameters, 25 38 39 indicating that ethnic differences in phenotypical distribution of CYP2C19 are not expected to play a major role in contributing to metabolic differences among Chinese, Japanese and other ethnic populations. There is evidence that vonoprazan exhibits a wide therapeutic index; it has been demonstrated that a single dose of vonoprazan 120 mg was well tolerated. 40 There is also evidence that multiple doses of 40 mg per day were well tolerated. 41 Interaction of vonoprazan and clarithromycin, an inhibitor of CYP3A4, resulted in an almost twofold increase in oral bioavailability, but this was not associated with a significant alteration in efficacy and/or safety 42 as plasma concentrations remained within the therapeutic window. In addition, given that the dosing interval of vonoprazan is 24 hours and that the accumulation factor is two when the dosing interval is equal to the half-life, which is 9.4 hours, vonoprazan accumulation under CYP3A4 inhibition will be considerably lower than twofold. Taken together, this evidence suggests that vonoprazan may be insensitive to differences in ethnicity.
One limitation of this study was that CYP2C19 genotyping was not evaluated in Asian patients and thus we were unable to examine the efficacy of vonoprazan in patients with the extensive metaboliser phenotype. However, given the similarity of EO healing rates between the present study and the previously published pivotal study conducted in Japanese patients, the proportion of patients receiving vonoprazan with healed EO in the present study is expected to be higher in patients identified as CYP2C19 extensive metabolisers compared with patients receiving lansoprazole. Future vonoprazan studies investigating EO should also include night-time symptoms, such as heart burn and night-time awakening.
COnCLusIOn
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